Although people with HIV infection (PLWH) are at higher risk of polypharmacy and substance use, there is limited knowledge about potential harms associated with polypharmacy such as falls and fractures in this population. The study objective was to determine whether polypharmacy, as measured by the number and type of medication, is associated with falls and fractures among PLWH and DSM-IV substance dependence in the past year or ever injection drug use (IDU). We identified the number of medications by electronic medical record review in the following categories: (i) systemically active, (ii) non-antiretroviral (non-ARV), (iii) sedating, (iv) non-sedating as well as any opioid medication and any non-opioid sedating medication. Outcomes were selfreported (1) fall/accident requiring medical attention and (2) fracture in the previous year. Separate logistic regression models were fitted for medications in each category and each outcome. Among 250 participants, the odds of a fall requiring medical attention were higher with each additional medication overall (odds ratio [OR] 1.12, 95% Confidence Interval [CI] = 1.05, 1.18), each additional non-ARV medication (OR 1.13, 95%CI = 1.06, 1.20), each additional sedating medication (OR 1.36, 95%CI = 1.14, 1.62), and a non-opioid sedating medication (OR 2.89, 95%CI = 1.06, 7.85) but not with an additional non-sedating medication or opioid medication. In receiver operating characteristic (ROC) curve analyses, optimal cutoffs for predicting falls were: ≥8 overall and ≥2 sedating medications. Odds ratios for fracture in the previous year were OR 1.05, 95%CI = 0.97, 1.13 for each additional medication overall and OR 1.11, 95%CI = 0.89, 1.38 for each additional sedating medication. In PLWH and substance dependence or ever IDU, a higher number of medications was associated with greater odds of having a fall requiring medical attention. The association appeared to be driven largely by sedating medications. Future studies should determine if reducing such polypharmacy, particularly sedating medications, lowers the risk of falls.
Background
An increasingly important challenge for the treatment of HIV infection is management of comorbid chronic health conditions (Deeks, Lewin, & Havlir, 2013; Greene, Justice, Lampiris, & Valcour, 2013) . Care for PLWH who experience durable HIV viral suppression has shifted from acute care of AIDS-related infections to management of HIV-associated chronic conditions such as coronary artery disease (Freiberg et al., 2013) , chronic obstructive pulmonary diseases (Gingo et al., 2014) , and diabetes mellitus (Butt et al., 2009) . It is estimated that about half of the population with HIV in the United States is 50 or older (Greene et al., 2013) . As a result, the number of medications prescribed to PLWH has increased even as antiretroviral medication (ARV) pill burden has decreased (Edelman et al., 2013; Greene et al., 2013) . Compared with HIV-uninfected populations, PLWH have a higher burden of chronic pain, mental health disorders, and falls and injuries (Erlandson et al., 2016) that may lead to prescription of opioid or other sedating medications (Vijayaraghavan, Freitas, Bangsberg, Miaskowski, & Kushel, 2014) . While the potential impact of polypharmacy on adherence and medication interactions is well-recognized (Cantudo-Cuenca, Jiménez-Galán, Almeida-Gonzalez, & Morillo-Verdugo, 2014; Edelman et al., 2013) , little is known about the impact of polypharmacy on other adverse outcomes such as falls and fractures despite recognition as significant problems in the elderly (Fried et al., 2014; Munson et al., 2016) .
Each year 2.8 million older adults are treated in emergency departments for fall-related injuries (Centers for Disease Control and Prevention, 2015) . Falls among the elderly cause the majority of hip fractures, which can lead to long-term functional impairments (Wolinsky, Fitzgerald, & Stump, 1997) . HIV infection is associated with a higher risk of falls (Erlandson et al., 2012) due to multiple factors including premature frailty (Brothers et al., 2014; Erlandson et al., 2013) , lower bone and muscle mass, imbalance symptoms (Erlandson et al., 2016) , and substance use. One study found that fall risk among middle-aged PLWH paralleled the risk of falls in the HIV-uninfected elderly population (Erlandson et al., 2012) . PLWH are more likely to have low bone mineral density and a higher risk of fracture (Dong, Cortés, Shiau, & Yin, 2014; Güerri-Fernandez et al., 2013) . Factors contributing to low bone mineral density in this population include tobacco usehighly prevalent among PLWH (Pacek & Cioe, 2015) and commonly prescribed HIV ARV medications such as tenofovir (Grant & Cotter, 2016) .
Falls, injuries, and fractures are also common among people who use illicit drugs and excessive amounts of alcohol (Miller, Lestina, & Smith, 2001) . People with unhealthy substance use are overrepresented among PLWH (Green et al., 2010; Vijayaraghavan et al., 2014) and PLWH are particularly susceptible to harms related to substance use such as peripheral neuropathy and depression (Nicholas et al., 2007; Sullivan, Goulet, Justice & Fiellen, 2011) . Binge alcohol use has increased among older adults with HIV (Han, Moore, Sherman, Keyes, & Palamar, 2017) . Yet, prior studies on falls and fractures omit substance use data (Cantudo-Cuenca et al., 2014) or have relied on imprecise clinical data to detect and assess substance use (Erlandson et al., 2012) .
Another challenge with quantifying risks of polypharmacy is that the commonly used definition of polypharmacy -5 or morewas established in elderly populations (Gnjidic et al., 2012) and may not be applicable to PLWH given that HIV viral suppression generally requires ≥3 ARV medications. A higher prevalence of SUDs among PLWH may increase the risk of falls and fractures associated with polypharmacy. In addition, it is unclear if the number of medications, medication type, or both are of importance.
In this study, we assessed the associations between number of medications and falls and fractures in PLWH. We defined polypharmacy empirically by determining the best cutoffs for the number of medications associated with falls and fractures. We tested three hypotheses. First, a greater number of systemically active medications is associated with greater risk of fall and fracture. Second, excluding ARV medications from the medication count does not change the magnitude of association with fall and fracture. Third, the association of fall and fracture and total medication count is largely attributable to the number of sedating medications and not to non-sedating medications.
Methods

Study design
This is a secondary analysis of data collected as part of the Boston ARCH Cohort study; a longitudinal study of 250 PLWH with past-year substance dependence (DSM IV criteria assessed with Mini International Neuropsychiatric Interview Version 6.0 (MINI) (Sheehan et al., 1998) or ever injection drug use (IDU). Participants were recruited from the Center for Infectious Diseases at Boston Medical Center and the HIV Program at Boston Healthcare for the Homeless Program between December 2012 and November 2014. Inclusion criteria were: documentation of HIV infection in medical record, past-year substance dependence and/or ever IDU (hereafter collectively referred to as "substance dependence"), ability to speak English, age 18 or older, and willingness to provide contact information for one other person to assist with follow-up. Exclusion criteria were: pregnancy at time of enrollment, plans to leave the Boston area in the next year, or cognitive impairment such that the patient could not provide informed consent. Participants provided written informed consent and received compensation for each study assessment completed. The Institutional Review Board of Boston University Medical Campus approved the study. The National Institute on Alcohol Abuse and Alcoholism (NIAAA) further protected participants with a Certificate of Confidentiality and the US Department of Health and Human Services approved the performance of follow-up assessments with incarcerated participants.
Data collection
Trained research associates administered standardized in-person interviews at study entry and at a 12-month follow-up. Medication data were extracted at study entry from the electronic medical record (EMR) at both recruitment sites. Duplicate medications were removed by cross-referencing the National Drug Code (NDC) number with the generic name as defined in the National Drug File ("Veterans Affairs (VA) National Formulary"). Because multiple NDC numbers exist for the same medication, unique counts of "generic name" were used as a proxy for total number of medications. Combination ARV medications were recoded into individual drug components (e.g., Atripla® was recoded into 3 distinct medications: tenofovir, emtricitabine, and efavirenz). Two of the study investigators (T.K. and A.W.), guided by the U.S. Department of Veterans Affairs Drug Classification System ("Veterans Affairs National Formulary") classified medications as 'systemically active,' sedating/non-sedating, opioid sedating/ non-opioid sedating, opioids prescribed for pain/addiction ( Figure 1 ). Sedating medications were those widely known to be sedating. Medications not systemically active included emollients, irrigation solutions, vitamins (except for vitamin D), peritoneal solutions, eye drops, rectal or vaginally administered medications, complementary and alternative medications.
Measures
Outcomes
The primary outcomes were (1) any fall or accident requiring medical attention and (2) any fracture in the prior 12 months.
Main independent variables and covariates
The main independent variables were the number of prescribed (1) systemically active ("overall") medications, (2) overall medications excluding ARV medications, (3) sedating medications, and (4) non-sedating medications. We also examined the effect of any opioid medication and any non-opioid sedating medication ( Figure 1 ).
Covariates included demographic data (age, sex, and race/ethnicity); medical comorbidity (Charlson Comorbidity Index Score [Quan et al., 2005] ); physical functioning score (Kazis et al., 2004) , recent (past 30 day) use of the following: heavy alcohol (for men: > 14 drinks in a week or 5+ drinks in a day; for women: >7 drinks in a week or 4+ drinks in a day) (National Institutes of Health, 2016) (Timeline Follow Back [Sobell & Sobell, 1992] ); cocaine; illicit opioids (includes prescription opioid misuse); and illicit sedatives. Drug use measures were assessed by Addiction Severity Index (McLellan, Luborsky, Woody, & O'Brien, 1980) .
Statistical analysis
We used logistic regression to examine the association between the number of medications in each category (overall, non-ARV, sedating, and non-sedating) and each outcome assessed at baseline fitting separate models for each medication variable and each outcome. The analytic strategy is described below and summarized in Figure 1 :
1. To assess whether the association of total medication count and falls and fracture is attributable to the number of sedating and/or non-sedating medications, we included the number of sedating and non-sedating medications in one model. 2. We assessed whether the association of sedating medications on falls or fractures is due to opioid and/or a non-opioid sedating medication by including the following in one logistic regression model: (i) any prescribed opioid sedating medication (yes/ no) and (ii) any prescribed non-opioid sedating medication (yes/no). The latter 2 medication variables were examined as any vs. none because of the narrow range of the number of opioid and nonopioid sedating medications. 3. Given the possibility that the effect of opioid medications on falls or fractures is different for opioids prescribed for pain than for addiction treatment, we repeated this analysis replacing "any opioid medication" with two separate opioid medication variables (i.e., "any opioid prescribed for pain" (yes/no) and "any opioid for addiction" (yes/no). In this exploratory analysis, we defined opioids for addiction as buprenorphine or methadone, recognizing that they can be prescribed for pain.
To determine the best cutoff value for identifying the risk of each outcome, we used receiver operating characteristic (ROC) curve analyses to calculate the area under the curve for the number of medications, overall and sedating, without adjustment for covariates. We report the Youden Index (sensitivity + specificity −1), a summary measure of the ROC curve, to determine the optimal cutoff point for significant associations. Given the number of falls (n = 39) and fractures (n = 21) in the sample, only a limited number of covariates could be included in a logistic regression model to control for confounding. Therefore, we performed a series of models for fall/accidents and fractures controlling separately for each covariate listed above.
We also performed confirmatory analyses adding fall and fracture data from the 12-month follow-up (fall, n = 27; fracture, n = 17) to the fall/fracture data at study entry. This analysis used two types of observations: (i) medication data and past-year fall from the baseline assessment and (ii) medication data at baseline and past-year fall from the 12-month follow-up. The same analytic strategy was used for the fracture analyses. We used separate generalized estimating equations (GEE) logistic regression models for each medication count and each outcome to account for non-independence of repeated measures.
Results
Study participants
Of the 250 study participants (Table 1) , most were male (62%) with a median age of 50 years (interquartile range [IQR] 44, 56) and an undetectable viral load (72%). In this cohort of patients with substance dependence, about half had both alcohol and drug dependence (51%). Although very few had alcohol dependence only (i.e., no drug dependence, 9%), about half of the sample reported recent heavy alcohol use. A substantial portion of the sample reported recent cocaine or illicit opioid use (30% and 23%, respectively). Only 9% reported illicit sedative use.
Participants were prescribed a median number of 10 (IQR 7,14) medications overall and 8 (IQR 5,11) non-ARV medications. Sedating medications were common: 80% were prescribed at least one sedating medication, half (50%) at least one opioid medication, and 72% a non-opioid sedating medication. The most frequent non-opioid sedating medications were (in descending order of frequency): gabapentin, mirtazapine, trazodone, hydroxyzine, diphenhydramine, amitriptyline, doxepin, zolpidem, quetiapine, and clonazepam.
At study entry, 16% (39/250) of the cohort had a fall/ accident requiring medical attention in the previous year and 8% (21/250) had a fracture in the previous year.
Main findings
Falls/accidents
The odds of a fall/accident requiring medical attention were significantly greater with each additional medication overall (odds ratio [OR] 1.12; 95% Confidence Interval [CI] = 1.05, 1.18) ( Table 2) . Excluding ARV medications from the overall number yielded similar results (OR 1.13; 95%CI = 1.06, 1.20).
The odds of a fall/accident were also significantly greater with each additional sedating medication (OR 1.36, 95%CI = 1.14, 1.62), but not with each additional non-sedating medication (OR 1.05, 95%CI = 0.98, 1.14). ROC curve analysis (Table 3) indicated that the optimal cutoffs for predicting falls were: ≥8 overall, ≥12 non-ARV medications, and ≥2 sedating medications.
The odds of a fall/accident (Table 2) were significantly greater with prescription of a non-opioid sedating medication (OR 2.89, 95%CI = 1.06, 7.85) but not with an opioid medication (OR 1.31, 95%CI = 0.64, 2.67). Analyzing opioid medications as 2 separate variables (i.e., "opioid medication prescribed for addiction treatment" and "opioid medication for pain") yielded similar results (OR 1.43, 95%CI = 0.66, 3.07 and OR 1.03, 95%CI = 0.45, 2.35, respectively). Results of adjusted models for these associations were not different in magnitude, direction, or significance (Appendix). Results of logistic regression models with data collected at study entry and 12 months yielded similar results (Table 4) .
Fractures
While none of the odds ratios for fractures were statistically significant in any of the medication categories, the direction and magnitude followed a similar pattern of those for falls: overall medications (OR 1.05, 95%CI = 0.97, 1.13); non-ARV medications (OR 1.05, 95%CI = 0.97, 1.14); non-sedating medications (OR 1.03, 95%CI = 0.94, 1.14); sedating medications (OR 1.11, 95%CI = 0.89, 1.38); any opioid medication (OR 1.02, 95%CI = 0.37, 2.91); and any non-opioid sedating medication (OR 13.09, 95%CI = 2.77, -) (Table 2 ). Analyzing opioid medications as 2 separate variables (i.e., "opioid medication prescribed for addiction treatment" and "opioid medication for pain") yielded similar results (no significant increased odds) (OR 1.46, 95%CI = 0.49, 4.20 and OR 0.43, 95%CI = 0.07, 1.64, respectively). Results of adjusted models for these associations were not different in magnitude, direction, or significance (Appendix). The analyses using fracture data at study entry and the 12month follow-up did not reveal any significant associations (Table 4 ).
Discussion
In this sample of PLWH and substance dependence (or ever IDU), a higher number of systemically active medications listed in an EMR was associated with greater odds of having a fall requiring medical attention. Excluding the number of ARV medications from the total medication count did not change the direction or magnitude of the association. The odds of a fall were over 30% greater with each additional sedating medication. Any non-opioid sedating medication use was associated with substantially increased odds of a fall. Although there were no significant associations with number of medications and fracture, all odds ratios were in the hypothesized direction.
The association between number of sedating medications and increased odds of falls is consistent with a large body of work, primarily in elderly populations (Gnjidic et al., 2012; Munson et al., 2016) . It is notable that 80% of the study sample was prescribed ≥1 sedating medication and half were prescribed ≥2 sedating medications. There is limited data on the risk of falls in PLWH. Erlandson et al. (2016) reported a higher risk of recurrent falls in PLWH with sedative, opioid, and antidepressant medications, although the definition of a fall was different than that used in this study ("unintentionally coming to a rest on the ground or lower level, Past year fracture Study entry 21 (8%) 15 (39%) 6 (3%) --12-month follow-up 17 (7%) 4 (12%) 13 (7%) 2 (13%) 15 (7%) a At study entry. b National Institute on Alcohol Abuse and Alcoholism criteria: for women: more than 7 drinks on average in a week or 4+ drinks in a day; and for men more than 14 drinks on average in a week or 5+ drinks in a day in the past 30 days. c Mini International Neuropsychiatric Interview Version 6.0 DSM IV criteria. d Assessed with Addiction Severity Index. e Includes use of medications without a prescription or taken in amounts greater than prescribed. f Includes systemically active medications. Medications determined by study investigators to not be systemically active (and therefore excluded) included emollients, irrigation solutions, vitamins (except for vitamin D), peritoneal solutions, eye drops, rectal or vaginally administered medications, complementary and alternative medications.
not because of a major intrinsic event or external hazard"). Our definition of falls did not exclude those caused by an external hazard. Sedative medications may increase risk of falls due to both external causes and non-external causes. The current study advances the literature on falls, fractures, and polypharmacy with its focus on PLWH and different medication classes: sedating, opioid, and non-opioid sedating. Both medication type and quantity warrant consideration when trying to predict and prevent falls. Muscle relaxants and antihistamine medications in elderly populations are associated with at study entry. Bolded numbers indicate statistically significant association (p < 0.05). Results of adjusted models for were not different in magnitude, direction, or significance (see Appendix). Adjusted models included demographic data (age, sex, and race/ethnicity); medical comorbidity, physical functioning score, recent (past 30 day) use of the following: heavy alcohol (for men: > 14 drinks in a week or 5+ drinks in a day; for women: >7 drinks in a week or 4+ drinks in a day), cocaine, illicit opioids (includes prescription opioid misuse); and illicit sedatives. Drug use measures were assessed by Addiction Severity Index. b Includes only systemically active medications. c Results of one model to examine whether the effect of the number of overall medications on the risk of fall or fracture is due to the prescription of sedating and/or non-sedating medications. d Results of one model to examine whether the effect of the number of sedating medications on fall or fracture risk is due to prescription of an opioid and/or non-opioid sedating medication. e The upper confidence interval could not be calculated due to the small number of events i.e., no participant with a past-year fracture was not prescribed at least one non-opioid sedating medication. f Results of one model to confirm that the effect of an opioid medication was not different based upon whether the opioid medication may have been prescribed for addiction treatment (buprenorphine or methadone) or for pain. and fracture (assessed at study entry and the 12 -month follow up study interview). The analysis used two types of observations: (i) medication data and past year fall (or fracture) from the baseline assessment and (ii) medication data at baseline and past year fall (or fracture) at the 12-month follow up. Bolded numbers indicate statistically significant association (p < 0.05). Results of adjusted models were not different in magnitude, direction, or significance (see Appendix). b Includes only systemically active medications. c Results of one model to examine whether the effect of the number of overall medications on the risk of fall or fracture is due to the prescription of sedating and/or non-sedating medications. d Results of one model to examine whether the effect of the number of sedating medications on fall or fracture risk is due to prescription of an opioid and/or non-opioid sedating medication. e Results of one model to confirm that the effect of an opioid medication was not different based upon whether the opioid medication may have been prescribed for addiction treatment (buprenorphine or methadone) or for pain. emergency department visits and hospitalizations for falls and fractures (Alvarez et al., 2015) . Impaired hepatic or renal metabolism may contribute to the risk of multiple sedating medications (Edelman et al., 2013) . Although we adjusted for illicit opioid and sedative use, participants may have taken higher doses of their prescribed sedating medications or used ones not prescribed to them (Vijayaraghavan et al., 2014) . Medications such as gabapentin can have additive sedating and even dissociative effects when combined with opioids (Schifano, 2014) . Minimizing the number of prescribed medications, especially sedating medications, may reduce the risk of falls that require medical attention in PLWH. Among sedating medications, we found a particularly strong association with falls and fractures for non-opioid sedating medications, but not statistically significant for opioid sedating medications. In an exploratory analysis, we did not detect an association between more specific categories of opioids (i.e., prescribed for pain or addiction) with falls or fractures. To further investigate the relationship between more specific categories of sedating medications and falls and fractures, a larger data set is needed.
We also identified cutoffs: ≥2 sedating medications and ≥8 medications overall were associated with greater fall risk. While this may have clinical utility, it should be validated in other studies. Also, while the cutoffs were reasonably sensitive, specificity was poor.
Because almost all of the study participants were prescribed ≥5 medications (91%), this commonly used definition of polypharmacy was not useful in this cohort with a median age of fifty. This is higher than several other cohorts of similar age (Holtzman et al., 2013; Moore, Mao, & Oramasionwu, 2015; Zhou et al., 2014) . We speculate that comorbid mental health and medical conditions as well as recruitment from clinical sites (rather than from the community) contributed to these differences.
Although most of the sample met criteria for substance dependence in the past year, nineteen percent had a history of IDU with no substance dependence. Inclusion of the latter group into the analyses is in line with the focus of the study to examine PLWH with a serious exposure to substances (either substance dependence in the past year or ever IDU). Those without past-year substance dependence may have been recently using unhealthy alcohol or drug usenot to the extent to meet criteria for a use disorderbut potentially risky use nonetheless. People with past-year substance dependence were not necessarily using substances recently (they simply meet dependence criteria in the past year). It is likely that HIV-infected individuals with a history of IDU but no current dependence have had a lifetime substance use disorder. It should be noted that analyses adjusted for recent substance use.
This study has several strengths. Examining falls that "required medical attention" allowed us to focus on clinically significant falls. Lack of medical insurance was not a barrier to care or receipt of prescribed medications, and therefore was likely not a significant confounding factor. The use of standardized, validated instruments to detect and assess alcohol and other drug use is also a study strength. Of note, while co-occurrence of heavy alcohol use and illicit drug use may have set the stage for polypharmacy risks, associations between polypharmacy and falls/accidents and fractures did not appear to be affected by alcohol or drug use.
The findings should be considered in the context of the study's limitations. It is possible that the observed associations between polypharmacy and falls were due to "confounding by indication." Participants who are prescribed more medications may be more likely to fall because of the medical conditions for which the medications are prescribed. However, a similar study failed to detect a significant association between the VACS Index, an indicator of physical function/comorbidity, and fall risk (Erlandson et al., 2012) . Still, to mitigate this potential effect, models included adjustment with a comorbidity score and physical function scale. Also, models assessing the impact of sedating medications included the number of non-sedating medications, which itself is an indicator of medical comorbidity (Roberts, Green, & Kadam, 2014) .
Another limitation is the relatively low number of fractures, compromising the power to detect differences and explore interactions between medication types. Although this study's observation period was 12 months, future studies of polypharmacy and fracture risk should be examined in larger cohorts and/or over a longer observation period. Falls were assessed retrospectively without use of fall diary although one would expect that an inquiry about falls requiring medical attention would be less subject to recall errors. We did not assess frequency of falls or whether fractures were the result of a low-impact fall (i.e., "fragility fracture"). These are questions worthy of future examination. Assessment of medications listed in the EMR was not corroborated by study participants. Self-report has been shown to both underestimate and overestimate the number of prescribed medications (Garber, Nau, Erickson, Aikens, & Lawrence, 2004) . Over-the-counter and complementary medications were not included in medication counts, which are likely conservative. Combination pills were counted as their component medications. While this might be seen as a limitation when studying adherence, we believe it was the correct approach for studying medication effects. Lastly, we can only draw conclusions regarding number of medications, not appropriateness or benefits derived from the medications. In some cases, increased risks might be balanced by benefits of the medication.
This study suggests that prescribers should be prudent about medications overall and should review medication lists regularly, eliminating medications that are no longer needed, particularly sedating medications. The benefits of life-saving ARV medications will be overshadowed if PLWH are suffering from morbidity, such as falls and functional impairment, related to over-prescribing of non-ARV medications. Whether de-prescribing is beneficial for prevention of falls, fracture, and ultimately frailty is worthy of examination in future studies.
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